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(54) Graded-channel semiconductor device and method of manufacturing the same 



(57) A graded-channel semiconductor device (10) 
includes a substrate region (1 1) having a major surface 
(12). A source region (13) and a drain region (14) are 
formed in the substrate region (11) and are spaced 
apart to form a channel region (1 6). A doped region (1 8) 
is formed in the channel region (16) and is spaced apart 
from the source region (13), the drain region (14), and 



the major surface (12). The doped region (18) has the 
same conductivity type as the channel region (16), but 
has a higher dopant concentration. The device (10) 
exhibits an enhanced punch-through resistance and 
improved performance compared to prior art short 
channel structures. 
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Description 

Background of the Invention 

This invention relates, in general, to insulated gate 
field effect transistors, and more particularly to short 
channel insulated gate field effect transistors. 

Semiconductor devices such as insulated gate field 
effect transistor (IGFET) devices are becoming increas- 
ingly important in low voltage applications. As IGFET 
devices are scaled to smaller and smaller dimensions, 
manufacturers must refine transistor designs to main- 
tain optimum device performance. Typically, in IGFET 
devices having channel lengths in the sub-micron 
range, manufacturers must carefully fabricate drain 
regions to avoid performance degradation problems 
such as hot carrier injection, drain leakage, punch- 
through, and the like. 

In IGFET devices having channel lengths of about 
one micron, many device performance problems can be 
corrected by forming a lightly<ioped-drain (LDD) region. 
The LDD region acts to lower the electric field in the 
channel region near the drain region. This reduced elec- 
tric field improves threshold voltage stability by reducing 
hot carrier injection into the gate oxide layer overlying 
the channel region. However, the LDD region causes a 
reduction in performance because of an increase in 
channel resistance, which negatively impacts transcon- 
ductance. Also, as the channel length approaches 0.5 
microns and below, drain engineering techniques (e.g., 
LDD regions) are not as effective in preventing perform- 
ance degradation. 

Additionally, manufacturers have used counter- 
doped source and drain regions to reduce sub-surface 
punch-through in short channel devices. These counter- 
doped regions are often referred to as "halo" regions. 
Although the halo regions are effective in reducing 
punch-through, they decrease carrier mobility in chan- 
nel region thereby degrading drive current. Also, the 
halo regions increase junction capacitance, which 
degrades switching speed performance. 

A further approach to preventing performance deg- 
radation includes placing a higher doped region in the 
channel region between the source and drain region 
and extending from the surface down into the bulk sem- 
iconductor material. This higher doped region is of the 
same conductivity type as the channel region. Although 
this approach is effective in reducing punch-through, it 
also decreases carrier mobility in the channel, which 
degrades drive current In an alternative but similar 
approach, the higher doped region is placed in the 
channel region below the surface and contacting both 
the source region and the drain region. This alternative 
approach improves drive current capability but suffers 
from reduced breakdown voltage performance and a 
higher junction capacitance, which in turn degrades 
switching performance. 

As is readily apparent, structures and methods are 
needed that overcome at least the above problems 



found in the prior art. It would be advantageous manu- 
facture such structures in a cost effective and reproduc- 
ible manner. Additionally, it would be of further 
advantage for such structures to operate bi-direction- 
5 ally. 

Brief Description of the Drawings 

FIG. 1 illustrates an enlarged cross-sectional view 
10 of a graded-channel semiconductor device in 
accordance with the present invention; 
FIGS. 2-8 illustrates enlarged cross-sectional views 
of the device of FIG. 1 at various stages of process- 
ing; and FIG. 9 illustrates an enlarged cross-sec- 
15 tional view of another graded-channel 
semiconductor device in accordance with the 
present invention. 

Detailed Description of the Drawings 

20 

In general, the present invention relates to a 
graded-channel semiconductor device suitable for sub- 
micron channel length designs. The device includes a 
source region and a drain region formed in a body of 

25 opposite conductivity type semiconductor material. The 
source and drain regions extend from a major surface of 
the semiconductor material and are spaced apart to 
form a channel. A doped region of the same conductiv- 
ity type as the body of semiconductor material is formed 

30 in the channel region and is spaced apart from the 
source region, the drain region, and the major surface. 
The device exhibits improved performance compared to 
prior art structures. 

Turning now to the drawings where like regions are 

35 labeled the same throughout for ease of understanding, 
FIG. 1 illustrates an enlarged cross-sectional view of 
graded-channel semiconductor device according to the 
present invention and generally designated 10. For pur- 
poses of this description, graded-channel device 10 is 

40 an n-channei IGFET device. This " is intended as an 
example only and as those skilled in the art will appreci- 
ate, the present invention applies also to p-channel 
devices. Optionally, the structure according to the 
present invention applies to complementary p-chan- 

45 nel/n-channel configurations. 

Graded-channel device 10 includes a substrate or 
body of semiconductor material 11, which comprises a 
semiconductor layer, a diffused well, a substrate region, 
an epitaxial region on a substrate, or the like. For an n- 

so channel device, substrate 11 typically comprises a 
boron doped (i.e., p-type conductivity) silicon well hav- 
ing a background dopant concentration typically in a 
range from about 1.5x10 15 atoms/cm 3 to about 
2.0x10 16 atoms/cm 3 . Methods for forming substrate 1 1 

55 are well known. 

Graded-channel device 10 also includes a source 
region 13 and a drain region 14 that extend from major 
surface 12 to a depth of about 0.1 microns to about 0.3 
microns. Source region 13 and drain region 14 are n- 
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type conductivity regions having a surface concentra- 
tion on the order of 1.0x1 0 20 atoms/cm 3 . A channel 
region 16 is between source region 13 and drain region 
14. Source region 13 and drain region 14 are spaced 
apart a distance 1 7 in a range from about 0.25 microns s 
to about 0.5 microns. As photolithographic techniques 
evolve to economically produce smaller dimensions, 
distance 17 is scaleabSe according to classic metal- 
oxide semiconductor (MOS) scaling techniques. 

Graded-channel device 1 0 further includes an insu- 10 
lated gate structure 19, source electrode 21, and drain 
electrode 22. Gate structure 19 is formed adjacent 
channel region 16 and includes, for example, a region of 
semiconductor material 23 insulated from channel 
region 16 by gate dielectric layer 24, and a gate elec- 15 
trode 26. Gate dielectric layer 24 preferably comprises 
an oxide and has a thickness in a range from about 30 
angstroms to about 100 angstroms. A key feature of 
gate structure 19 is that region of semiconductor mate- 
rial 23 overlaps at least a portion of the junction formed 20 
by source region 1 3 and substrate 1 1 and at least a por- 
tion of the junction formed by drain region 14 and sub- 
strate 11. By overlapping a portion of source region 13 
and drain region 14, gate control is effective across the 
entire channel region. This also significantly enhances 25 
device reliability and manufacturability. Insufficient over- 
lap results in erratic manufacturing yields and degrades 
device performance. 

According to the present invention, a doped region 
18 is formed in channel region 16 and is vertically 30 
spaced apart from fl.e., it does not directly contact) 
major surface 12. Additionally, doped region 18 is both 
vertically and laterally spaced apart from source region 
13 and drain region 14. Further, the lateral extension of 
doped region 18 is defined independently of distance 35 
17. 

Doped region 1 8 is of the same conductivity type as 
substrate 11, but has a higher dopant concentration. 
Additionally, doped region 18 extends into substrate 1 1 
to a depth greater than about 0.3 microns. Preferably, 40 
doped region 18 is a region having a dopant concentra- 
tion greater than or equal to approximately 3.0x1 0 1 7 
atoms/cm 3 (i.e., doped region 18 preferably has a 
dopant concentration at least an order magnitude 
greater than the background concentration of substrate 45 
11). 

Preferably, source region 13 and drain region 14 
are self -aligned to doped region 18 in order to provide 
bi-directional device operation (i.e., doped region 18 is 
substantially centrally located between source region so 
13 and drain region 14). Preferably, doped region 18 is 
at least 125 angstroms below major surface 12 with a 
distance of about 800 angstroms preferred. According 
to the present invention, the distance that doped region 
18 is spaced from major surface 12 contributes to 55 
establishing the threshold voltage of graded-channel 
device 10. 

Doped region 18 provides a localized area of 
charge that functions, among other things, to enhance 



) 

15A2 4 

punch-through resistance. Also, because doped region 
18 is spaced apart from source region 13 and drain 
region 14, graded-channel device 10 exhibits improved 
breakdown voltage characteristics, improved switching 
speeds (i.e., lower junction capacitance), and improved 
resistance to hot-carrier injection effects compared to 
prior art structures where the center doped region con- 
tacts the source and drain region. Additionally, because 
doped region 18 is spaced apart from major surface 12, 
graded-channel device 10 exhibits a lower threshold 
voltage and improved drive capability (i.e., higher 
transconductance) compared to prior art structures hav- 
ing increased channel doping in the center of the chan- 
nel that extends all the way to the surface (i.e., extends 
completely to the surface of the channel region). 

For example, with doped region 18 spaced a dis- 
tance of about 1,125 angstroms from major surface 12 
and with gate dielectric layer 24 having a thickness of 
about 90 angstroms, graded-channel device 10 exhibits 
a leakage current (Idss) on the order of 40 nano- 
amps/micron (at a VDS of 1 .8 volts), a threshold voltage 
on the order of 165 millivolts, a peak transconductance 
on the order of 65 Siemens/meter, a drive current (Idsat) 
on the order of 790 micro-amps/micron (at a Vds of 3.3 
volts), 555 micro-amps/micron (at a Vds of 2.5 volts), 
and a breakdown voltage (BVdss) on the order of 7.5 
volts. 

With doped region 18 spaced a distance of about 
800 angstroms from major surface 12 and with gate die- 
lectric layer 24 having a thickness of about 90 ang- 
stroms, graded-channel device 10 exhibits an Idss on 
the order of 1 .0 nano-amp/micron (at a Vds of 1 .8 volts), 
a threshold voltage on the order of 300 millivolts, a peak 
transconductance on the order of 60 Siemens/meter, an 
Idsat on the order of 730 micro-amps/micron (at a Vds 
of 3.3 volts), an Idsat on the order of 500 micro- 
amps/micron (at a Vds of 2.5), and a BVdss on the order 
of 8.0 volts. 

With doped region 18 spaced a distance of about 
1 50 angstroms from major surface 1 2 and with gate die- 
lectric layer 24 having a thickness of about 90 ang- 
stroms, graded-channel device 10 exhibits an Idss on 
the order of 1 .0 pico-amp/micron (at a Vds of 1 .8 volts), 
a threshold voltage on the order of 575 millivolts, a peak 
transconductance on the order of 53 Siemens/meter, an 
Idsat on the order of 620 micro-amps (at a Vds of 3.3 
volts), an Idsat on the order of 400 micro-amps/micron 
(at a Vds of 2.5 volts), and a BVdss on the order of 8.25 
volts. All of the above examples are with drawn gate 
dimension of 0.5 microns. 

Comparable prior art structures having a 0.5 micron 
drawn gate dimension and a 90 angstrom gate oxide 
typically exhibit Idsat values on the order of 400 micro- 
amps/micron at 3.3 volts and an Idss of about 1.0 nano- 
amp/micron. Comparable prior art structures having a 
0.35 micron drawn gate length and a 90 angstrom gate 
oxide typically exhibit Idsat values on the order of 450 
micro-amps/micron at 2.5 volts and an Idss of about 1 .0 
nano-amp/micron. As is readily apparent, the 1.0 nano- 



3 



EP 0 768 715 A2 



6 



amp/micron graded-channel device 10 shows a signifi- 
cant improvement in Idsat compared to the prior art 
structures. 

Turning now to FIGS. 2-8, a preferred method for 
forming graded-channel device 10 is described. Accord- 
ing to the present invention, the preferred method uti- 
lizes sub-photolithographic and self-alignment 
techniques. FIG. 2 illustrates an enlarged cross-sec- 
tional view of substrate 1 1 at an early stage of process- 
ing. In particular, FIG. 2 shows a dielectric layer 36 
formed on major surface 12. Dielectric layer 36 com- 
prises, for example, a thermal oxide and has a thickness 
of about 3,000 angstroms to about 6,000 angstroms. 
Dielectric layer 36 is then patterned to form opening 37, 
which has, for example, a width 38 on the order of 0.4 
microns to 0.6 microns. This establishes a drawn gate 
dimension. Techniques for forming opening 37 are well 
known in the art. As stated above, as photolithographic 
capabilities evolve to economically produce smaller 
dimensions, width 38 is scaleable using classic MOS 
scaling techniques. 

To form opening 37, dielectric layer 36 preferably is 
selectively etched to reduce its thickness in opening 37 
from its original thickness to a thickness on the order of 
100 angstroms to 300 angstroms to form screen layer 
39 (e.g., screen oxide). This method is preferred over 
etching dielectric layer 36 all the way to major surface 
12 and forming a separate screen oxide because such 
a process would potentially damage major surface 12 
thereby detrimentally impacting device performance 
(e.g., reduced surface mobility caused by the damage). 

FIG. 3 illustrates substrate 1 1 at a subsequent step 
of manufacture. In particular, FIG. 3 shows substrate 1 1 
with a conformal layer 44 deposited over major surface 
12. Conformal layer 44 comprises, for example, polysili- 
con, silicon nitride, or the like. Conformal layer 44 is 
deposited using well known deposition techniques (e.g., 
low pressure chemical vapor deposition (CVD), plasma 
enhanced CVD, etc.). The thickness of conformal layer 
44 is selected based upon a desired aperture width 
(shown in FIG. 4 as width 48). For example, to provide 
an aperture width of about 0.15 micron, conformal layer 
44 has a thickness of about 1 ,750 angstroms. This is 
based on the well known relationship that aperture 
width is approximately equal to width 38 (shown in FIG. 
2) minus two times the thickness of conformal layer 44. 

Once conformal layer 44 is formed, conformal layer 
44 is anisotropically etched to form spacers 46 as 
shown in FIG. 4. The anisotropic etch provides aperture 
47 having a width 48. Conformal layer 44 is etched 
using, for example, well known reactive ion etching 
(RIE) techniques. Spacers 46 are key in providing the 
sub-photolithographic aspect of doped region 18. Also, 
spacers 46 allow for the lateral extension of doped 
region 18 to be independent of the lateral extension of 
region of semiconductor material 23. 

Following the formation of spacers 46, doped 
region 18 is formed preferably using ion implantation 
techniques as represented by arrows 49. For a 1.0 



nano-amp/micron Idss device, doped region 18 prefera- 
bly is formed by a series of ion implants including, a first 
boron implant dose of about 7.0x10 12 atoms/cm 2 at an 
energy of about 80 keV (represented by region 51), a 
5 second boron implant dose of about 7.0x1 0 12 
atoms/cm 2 at 40 keV (represented by region 52), and a 
third boron implant dose of about 4.0x1 0 11 atoms/cm 2 
at an energy of about 10 keV (represented by region 
53). 

10 For a 1 .0 pico-amp/micron Idss device, the first and 
second boron implant are the same as above, but the 
third boron implant dose is on the order of about 
3.0x10 12 atoms/cm 2 at an energy of about 10 keV. For a 
40 nano-amp/micron Idss device, the first boron implant 

is is the same as above, but the second boron implant is 
on the order 7.0x1 0 12 atoms/cm 2 at 50 keV and the third 
boron implant is not done (i.e., region 53 is not formed). 
In general, the implant energy is selected for doping 
regions 51-53 so that once regions 51-53 are annealed 

20 to form doped region 18, doped region 18 is spaced a 
distance from major surface 12 on the order of at least 
125 angstroms. 

Following ion implantation, spacers 46 and screen 
oxide layer 39 are removed and the exposed portion of 

25 major surface 12 is cleaned, all using well known tech- 
niques. Next, gate dielectric layer 24 is formed as 
shown in FIG. 5. Preferably, gate dielectric layer 24 
comprises a thermal oxide and has a thickness on the 
order of about 30 angstroms to about 100 angstroms 

30 (90 angstroms was used for the examples provided 
above). During the formation of gate dielectric layer 24, 
regions 51-53 are annealed to activate the implanted 
dopant to form doped region 18. 

Following the formation of gate dielectric layer 24, a 

35 layer of semiconductor material 57 is formed over major 
surface 12 and dielectric layer 36. Layer 57 preferably 
comprises polysilicon or amorphous silicon and in this 
example, has a thickness on the order of 4,000 ang- 
stroms. This thickness varies depending on width 38 of 

40 opening 37. Methods for forming layer 57 are well 
known. 

FIG. 6 illustrates substrate 1 1 at a subsequent step 
in manufacture. In particular, FIG. 6 shows substrate 1 1 
after layer 57 has been planarized. For example, layer 

45 57 is planarized using chemical mechanical polishing 
(CMP) techniques, which are well known. After layer 57 
is planarized, region of semiconductor material 23 
remains above gate dielectric layer 24. Region of semi- 
conductor material 23 typically has a thickness on the 

so order of 2,500 angstroms to 5,000 angstroms. 

Following the planarization of layer 57, dielectric 
layer 36 is removed using, for example, conventional 
wet etching techniques to form the structure shown in 
FIG. 7. After dielectric layer 36 is removed, a screen 

55 oxide 71 is formed over major surface 12 and region of 
semiconductor material 23. Preferably, screen oxide 71 
has a thickness on the order of 100 angstroms to 300 
angstroms. Next, n-type dopant (e.g., phosphorous) is 
ion implanted (as represented by arrows 72 into a por- 
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tion of substrate 1 1 to form regions 73 and 74 and to 
dope region of semiconductor material 23. A key feature 
of this step is that regions 73 and 74 are self-aligned to 
region of semiconductor material 23, which allows 
region of semiconductor material 23 to overlap source 
region 13 and drain region 14 after regions 73 and 74 
have annealed (as described below). This adds to 
device reliability and greatly enhances manufacturabil- 
ity. Additionally, this eliminates the need for source and 
drain extensions, which add processing steps and 
which degrade device performance. 

An implant dose on the order of 1.0x10 15 
atoms/cm 2 to 1.0x10 16 atoms/cm 2 and an implant 
energy on the order of 60 keV is suitable for forming 
regions 73 and 74 and to dope region of semiconductor 
material 23. Following ion implantation, the implanted 
dopant is activated using convention rapid thermal 
anneal techniques to form source region 13 and drain 
region 14 respectively. A anneal of about 40 seconds at 
about 1050°C is suitable. Alternatively, an equivalent 
furnace anneal is used. After anneal, doped region 18 
has a width on the order of less than 0.3 microns, with a 
width on the order of 0.15 micron to about 0.25 micron 
being typical. 

Next, a spacer layer is deposited over screen oxide 
layer 71 followed by a conventional RIE etch to form 
spacers 76 and 77 as shown in FIG. 8. The spacer layer 
preferably comprise silicon nitride. Optionally, the 
implanted dopant is annealed after the spacer layer of 
silicon nitride is formed. 

Next, source electrode 21, drain electrode 22, and 
gate electrode 26 are formed using, for example, con- 
ventional self-aligned silicide techniques. Preferably, 
source electrode 21, drain electrode 22, and gate elec- 
trode 26 comprise titanium silicide, cobalt silicide, or the 
like. The above method provides a self-aligned graded- 
channel device 10 having sub-photolithographic fea- 
tures. This provides a graded-channel device having bi- 
directional high performance characteristics with an 
enhanced punch-through resistance. 

FIG. 9 illustrates an enlarged cross-sectional view 
of another embodiment of a graded-channel device 
according to the present invention and is generally des- 
ignated 90. Graded-channel device 90 is similar to 
graded-channel 10, except for the addition of doped 
regions 91 and 92. Doped region 91 has an lower edge 
94 and an upper edge 96 and is between source region 
13 and doped region 18. Likewise, doped region 92 has 
a lower edge 97 and an upper edge 98 and is between 
doped region 18 and drain region 14. Upper edges 96 
and 98 preferably are spaced apart from major surface 
12. 

Doped regions 91 and 92 comprise, for example, n- 
type regions and preferably have a dopant concentra- 
tion less than 3.0x1 0 1 7 atoms/cm 3 . Preferably, the 
dopant concentration is on the order of 1.0x10 17 
atoms/cm 3 to 3.0x1 0 17 atoms/cm 3 near lower edges 94 
and 97 and the dopant concentration is significantly less 
than that at upper edges 96 and 98 (i.e., doped region 



91 and 92 have retrograde dopant profile). The location 
of upper edges 96 and 98 may by closer to or spaced 
farther apart from major surface 12. With upper edges 
96 and 98 extending to major surface 12 only the 

5 regions directly above doped region 91 and 92, a low 
threshold voltage enhancement mode is provided. 
Optionally, upper edges 96 and 98 extend to major sur- 
face 12 across channel region 16 to provide a depletion 
mode embodiment. 

10 With doped region 18 spaced a distance of about 
800 angstroms from major surface 12 and with gate die- 
lectric layer 24 having a thickness of about 90 ang- 
stroms, graded-channel device 90 exhibits an Idss on 
the order of 1 .0 nano-amp/micron (at a Vds of 1 .8 volts), 

15 a threshold voltage on the order of 300 millivolts, a peak 
transconductance on the order of 60 Siemens/meter, an 
Idsat on the order of 750 micro-amps/micron (at a Vds 
of 3.3 volts), an Idsat on the order of 520 micro- 
amps/micron (at a Vds of 2.5), and a BVdss on the order 

20 of 8.2 volts. The presence of doped region 91 and 92 
provides a slight increase in Idsat and BVdss. This data 
suggests that the conductivity type of the region 
between doped region 18 and source region 13 and 
between doped region 18 and drain region 14 can be n- 

25 type or p-type as long as the total dopant concentration 
is less than about 3.0x1 0 17 atoms/cm 3 . 

Doped regions 91 and 92 are conveniently formed 
using ion implantation (e.g., phosphorous ion implanta- 
tion) with a dose on the order of 3.0x1 0 1 2 atoms/cm 2 

30 and an implant energy on the order of 140 keV being 
suitable. Preferably, dopant for forming doped region 91 
and 92 is incorporated into substrate region 11 after 
forming screen oxide 39 (as shown in FIG. 2) and before 
the formation of conformal layer 44 (as shown in FIG. 3). 

35 The region of implanted dopant would then be bisected 
by doped region 18 to form doped regions 91 and 92 
after doped region 18 is formed (as shown in FIG. 9). 

By now it should be apparent that a graded-channel 
semiconductor device has been provided. The device 

40 includes a doped region substantially centered between 
a source region and a drain region and has the same 
conductivity type as the background substrate. The 
doped region is spaced apart from the source region, 
the drain region, and the upper surface of the substrate 

45 (i.e., a portion of the channel lies between the upper 
surface and the doped region). The doped region pref- 
erably is formed using self-aligning sub-photolitho- 
graphic techniques. The device exhibits improved 
performance characteristics compared to prior art struc- 

so tures and has an enhanced resistance to punch- 
through. Additionally, because the source region and 
the drain region are self-aligned to the doped region, the 
device is well suited for bi-directional applications. 

55 Claims 

1. A graded-channel semiconductor device compris- 
ing: 
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a body of semiconductor material (1 1) of a first 
conductivity type and having a first surface 
(12); 

a first doped region (13) of a second conductiv- 
ity type formed in the body of semiconductor s 
material (11) and extending from the first sur- 
face (12); 

a second doped region (14) of the second con- 
ductivity type formed in the body of semicon- 
ductor material (11) and extending from the 10 
first surface (12); 

a channel region (16) between the first doped 
region (13) and second doped region (14); 
a third doped region (18) of the first conductiv- 
ity type formed in the channel region (16), is 
wherein the third doped region (18) is vertically 
spaced apart from the first surface (12), and 
wherein the third doped region (18) is vertically 
and laterally spaced apart from the first doped 
region (13) and the second doped region (14); 20 
a gate structure (1 9) formed on the first surface 
above the channel region; 
a first electrode (21) coupled to the first doped 
region (13); and 

a second electrode (22) coupled to the second 25 
doped region. 

2. The semiconductor device of claim 1 wherein the 
third doped region (18) has a dopant concentration 
that is at least an order of magnitude higher than 30 
that of the body of semiconductor material (11). 

3. The semiconductor device of claim 1 wherein the 
first conductivity type is p-type and the second con- 
ductivity type is n-type. 35 

4. The semiconductor device of claim 1 further com- 
prising: 

a fourth doped region (94) formed between the 40 
third doped region (18) and the first doped 
region (1 3) and spaced apart from the first sur- 
face (12); and 

a fifth doped, region (97) formed between the 
third doped region (18) and the second doped 45 
region (1 4) and spaced apart from the first sur- 
face (12), and wherein the fourth and fifth 
doped regions are of the second conductivity 
type. 

50 

5. An insulated gate FET structure comprising: 

a semiconductor substrate (11) of a first con- 
ductivity type having a major surface (1 2) and a 
first dopant concentration ; 55 
a source region of a second conductivity type 
formed in the semiconductor substrate and 
extending from the major surface (12); 
a drain region of the second conductivity type 



formed in the semiconductor substrate and 
extending from the major surface (12); 
a channel region (16) between the source 
region and the channel region; 
a first doped region (1 8) of the first conductivity 
type formed in the channel region (1 6), wherein 
the first doped region does not directly contact 
the source region, the drain region, and the 
major surface, and wherein the first doped 
region (18) has a second dopant concentration 
higher than the first dopant concentration; 
an insulated gate structure (19) formed contig- 
uous with the channel region (16), wherein the 
insulated gate structure overlaps a portion of 
the source region and a portion of the drain 
region; 

a first electrode coupled to the source region; 
and 

a second electrode coupled to the drain region. 

6. A bi-directional IGFET device including a source 
region (13), a drain region (14), a gate structure 
(19), and a first doped region (18), wherein the 
source region (13) and the drain region (14) are 
formed in a first conductivity type semiconductor 
layer (11), and wherein the source and drain 
regions extend from a major surface (12) of the 
semiconductor layer (11) and are of a second con- 
ductivity type, and wherein the source and drain 
regions are separated from each other to provide a 
channel region (16), and wherein the gate structure 
(19) is adjacent the channel region (16), and 
wherein the gate structure overlaps a portion of the 
source and drain regions, and wherein the first 
doped region (18) is of the first conductivity type 
and is formed within the channel region (16), and 
wherein the first doped region (18) is spaced apart 
from the source region (13), the drain region (14), 
and the major surface (12), and wherein the source 
region (13) and the drain region (14) are self- 
aligned to the first doped region (18). 

7. A method for forming a graded-channel semicon- 
ductor device comprising the steps of: 

providing a body of semiconductor material 

(11) having a first conductivity type, a major 
surface (12), and a first dopant concentration; 
forming a first doped region (1 8) of the first con- 
ductivity type in the body of semiconductor 
material (11), wherein the first doped region 
(18) is spaced apart from the major surface 

(12) ; 

forming a gate structure (19) on the major sur- 
face (12) above the first doped region (18); 
forming a source region (13) in the body of 
semiconductor material (11), wherein the 
source region (13) is of a second conductivity 
type, and wherein the source region (1 3) is ver- 
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tically and laterally spaced apart from the first 
doped region (18); and 

forming a drain region (14) in the body of sem- 
iconductor material (11), wherein the drain 
region (14) is of the second conductivity type, 5 
and wherein the drain region (14) is spaced 
apart from the source region (13) to form a 
channel region (16) therebetween, and 
wherein the drain region (14) is vertically and 
laterally spaced apart from the first doped 10 
region (18), and wherein the first doped region 
(18) is within the channel region (16). 

8. The method of claim 7 wherein the step of forming 
the first doped region (1 8) comprises the steps of: is 

forming a dielectric layer (36) on the major sur- 
face; 

forming an opening (37) in the dielectric layer 
(36); 20 
forming spacers (46) in the opening (37); and 
ion implanting a first conductivity type dopant 
into the body of semiconductor material (11) 
through the opening (47). 

25 

9. The method of claim 8 wherein the step of forming 
the gate structure comprises the steps of: 

removing the spacers (46) after the step of ion 
implanting the first conductivity type dopant; 30 
forming a gate dielectric layer (24) in the open- 
ing after the step of ion implanting the first con- 
ductivity type dopant; 

forming a layer of semiconductor material (57) 
over the dielectric layer (36) and the gate die- 35 
lectric layer (24); 

planarizing the layer of semiconductor material 
leaving a region of semiconductor material (23) 
on the gate dielectric layer (36); and 
removing the dielectric layer (36). 40 

1 0. The method of claim 7 further comprising the steps 
of: 

forming a second doped region (94) between 45 
the first doped region (18) and the source 
region (13) and spaced apart from the major 
surface (12); and 

forming a third doped region (97) between the 
first doped region (1 8) and the drain region (1 4) so 
and spaced apart from the major surface (12), 
and wherein the second and third doped 
regions are of the second conductivity type. 



7 



) 

EP 0 768 715 A2 





8 



EP 0 768 715 A2 



J 49 1 I 4 I l«| 49 i 



I I 1 




10 



57 




57 


36 






36 


-r- 

24 

( I 




10 FIG. 5 


f 36 


23 


36 


y. 

24 





10 FIG. & 



9 



EP 0 768 715 A2 



1 72 1 Mil 1 72 1 1 1 1 



24 23 




90 FIG. & 



10 



